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Design and Implementation a Non-uniform Helical Antenna 
in Frequency Range of 450–850 MHz for Ultra-high-frequency 
Television Application
Firas Muhammad Zeki Mahmood*, Adil H. Mohammed Al-Dalawie
Department of Communication and Computer, College of Engineering, Cihan University-Erbil, Iraq
ABSTRACT
In a domestic region, the people are living inside cities, they complaining from the weak of local TV broadcasting signals in frequency 
range of 450–850 MHz, in this paper we got a solution by increase the gain antenna by design new antenna have a wideband and high 
gain compare with antennas are available in the local market. A non-uniform helical antenna designed using helical antenna calculator 
according to equations then implemented and measured the radiation pattern and gain of antenna, then compare with commercial loop 
antenna gain found increase in received power about 10–12 dB more than loop antenna gain. The results of measurement applied in 
Matlab program to draw the pattern of the antenna.
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INTRODUCTION
The IEEE Standard Definitions of Terms for Antennas (IEEE Std 145–1983) defines the antenna or aerial as “a means for radiating or receiving radio waves.”[1]
A convenient element for providing circular polarization 
is the wire helix. The helical antenna consists of a metal 
conductor wound in the form of helix and backed at one 
end by a metal ground plane. It conveniently fed from a 
coaxial cable with the center conductor connected to the 
helix and the outer sheath connected to a circular ground 
plane of the radius of half-wavelength approximately. The 
helical geometry characterized by its diameter of turn 
spacing, pitch angle, uncoiled length of turn, and number 
of turns.[2]
The people are living our side cities, they complain from 
weak of the local TV broadcasting signals, so we got a solution 
by increase the gain of antenna by design new helical antenna 
has wideband and high gain comparing what available with 
commercial antenna.
LINK BUDGET EQUATION
For simple formula for link budget equation can be state as,
  Pr Pt Gt Gr L= + + −  (1)
Where, Pr is received power (dB), Pt is transmitted 
power (dB), Gt transmission gain (dB), Gr is receiver gain 
(dB), and L is total losses (dB).
The item gain will contain the two main antennas gain 
for transmitting and receiving, the focus on receiving gain 
which is in our control hand and we success to give a way 
to boost the received power if increase the gain of receiver 
antenna.[3]
NON-UNIFORM HELICAL ANTENNA
According to exemplary embodiments of the present 
invention, non-uniform helical antenna is described for 
use in two or more frequencies tuning to both resonance 
frequencies can be accomplished by varying parameters of 
the helical antenna including, for example, the pitch angle, 
coil diameter, length, and number and spacing of the coil 
turns; Figure 1 shows an example for non-uniform helical 
antenna.[4]
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MAIN PARAMETERS OF HELICAL ANTENNA
Pitch Angle
Pitch angle is the angle between a line tangent to the helix 
wire and plane normal to the helix axis.
    α
pi
= arctan
S
D
 (2)
Where, α is the pitch angle, S is the turn spacing (center 
to center), and D is the diameter of helical.
And,
   H = NS (3)
Where, H is total height of helix antenna, N is number of 
turns on the helix antenna, and S is the turn spacing (center 
to center).
The helix antenna functions for pitch angles (α) between 
12° and 14°. Typically, the pitch angle taken as 13°.[3]
The antenna in Figure 2 is a left-handed helix antenna 
because if you curl your fingers on your left hand around the 
helix your thumb would point up (also, the waves emitted 
from this helix antenna are left hand circularly polarized). If 
the helix antenna wounded in another way, it would be a right-
handed helical antenna.
The radiation pattern will be maximum in the +z 
direction (along the helical axis in Figure 1). The design of 
helical antenna primarily based on empirical results, and the 
fundamental equations represented here.
Helix antennas of at least 3 turns will have close to circular 
polarization in the +z direction when the circumference C is 
close to a wavelength:
     
3 4
  
4 3
C
 
≤ ≤  (4)
Once the circumference C chosen, the inequalities above 
roughly determine the operating bandwidth (BW) of the helix 
antenna.[2,5]
For instance, if C = 0.5 m, then the highest frequency of 
operation will be given by the smallest wavelength that fits 
into the above equation, or
	 	 λ = 0.75 C = 0.375 m (5)
which corresponds to a frequency of 850 MHz, the lowest 
frequency of operation will be given by the largest wavelength 
that fits into the above equation, or
	 	 λ = 1.33 C = 0.667 m (6)
which corresponds to a frequency of 450 MHz. Hence, the 
fractional BW is 56%, which is true of axial helical antennas 
in general.[6]
Input Impedance
The helix antenna is a traveling wave antenna, which means 
the current travels along with the antenna and the phase varies 
continuously. In addition, the input impedance is primarily 
real and can be approximate in ohms[7] by
  Zin
C
= 140

 (7)
Radiation pattern of the helical antenna
The helix antenna functions well for pitch angles (α) between 
12° and 14°. Typically, the pitch angle taken as 13°.
The normalized radiation pattern for the E-field 
components given by:
    Ε Ε
Ω
Ωθ φ
pi
θ∝ ∝ sin cos 
sin
sin2
2
2
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N
 (8)
    Ω = −( ) − +
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KS Ncosθ pi1 2
1
   (9)
For circular polarization, the orthogonal components of 
the E-field must be 90° out of phase. This occurs in directions 
near the axis (z-axis in Figure 2) of the helix.[5]
The axial ratio for helix antennas decreases as the number 
of loops (N) added and can be approximated by:
Figure 1: Non-uniform helical antenna
Figure 2: Main parameters of helical antenna
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     AR
N
N
=
+2 1
2
 (10)
Where, AR is axial ratio.
Gain of the Antenna
The gain of the helix antenna can be approximated by,
  G
C NS C NFS
C
= =
6 2 6 22
3
2 3
3
. 

. 

 (11)
N the above, C is the speed of light. Note that for a given 
helix geometry (specified in terms of C, S, and N), the gain 
increases with frequency. For an N = 10 turns helix that has a 
0.5 m circumference as above, and a pitch angle of 13° (giving 
S = 0.13 m), the gain is 8.3 (9.2 dB).[8]
For the same example helix antenna, the pattern is shown 
in Figure 3.
The half-power beamwidth for helical antennas can be 
approximate (in degrees)[3] by:
  HPBW
C NS
=
65
/


 (12)
POLARIZATION
Linear polarization occurs when electromagnetic waves 
broadcast on a single plane (either vertical or horizontal). 
Compared to linear polarized antennas of the same gain, 
circular polarized antennas will have a shorter read range 
because they lose about 3 dB splitting their power across two 
separate planes.[9,10]
DESIGN SPECIFICATIONS
It is considered the helical antenna design specifications which 
are as follows:
•	 Frequency	range:	450–850	MHz
•	 Gain:	10	dBi	±	0.5	dB
•	 Axial	ratio:	<1.5.
Using online antenna calculator program to calculate the 
parameters that are required to the helical antenna design as 
shown in Figures 4 and 5, respectively.[11]
The main factors of helical antenna were entire such as 
wavelength, number of turns, and the space between each coil 
to calculate the antenna gain and wire diameter, half-power 
beamwidth, beamwidth first nulls, and effective aperture. 
Table 1 shows the important factor for implemented the non-
uniform helical antenna.
Figure 3: Normalized radiation pattern for helical antenna (dB)
Figure 4: Helical antenna design with 450 MHz
Figure 5: Helical antenna design with 850 MHz
Table 1: Main parameters of non-uniform antenna designed
Parameters At 850 MHz At 450 MHz
Number of turns 3 5
Spacing between coils 8.82 cm 16.7 cm
D (Diameter) 11.2 cm 21.2 cm
G	(Antenna	gain) 9.55 dBi 11.8 dBi
Z (Characteristic impedance) 150 Ω 150 Ω
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THE IMPLEMENTATION OF NON-HELICAL 
ANTENNA
Figure 6 shows the antenna which is designed using helical 
antenna calculator according to equations then implemented 
from 5 turns for 450 MHz and 3 turns for 850 MHz with circular 
plate ground and other parameters as shown in Table 1 to 
cover ultra-high-frequency band for TV application then tested 
in the laboratory of antenna and microwave/communication 
and computer department/Cihan University – Erbil.
MEASUREMENTS METHOD
The far-field patterns measured on the surface of a sphere of 
constant radius. Any position on the sphere identified by the 
directional angles θ and φ of the spherical coordinate system. 
A principal plane must contain the direction of maximum 
radiation. A simplified block diagram of a pattern measurement 
system is given in Figure 7. The method used a commercial 
Figure 7: Set of antenna test[2]
Figure 8: Implemented non-uniform helical antenna under test
Figure 9: Commercial loop antenna radiation pattern
Figure 6: Non-uniform helical antenna manufactured
Table 2: Measurements of commercial loop antenna
Step no. Angle 
(Degree)
Power 
(dBm)
Step no. Angle 
(Degree)
Power 
(dBm)
1 −180 −16 20 10 −19
2 −170 −19 21 20 −20
3 −160 −22 22 30 −22
4 −150 −25 23 40 −28
5 −140 −28 24 50 −29
6 −130 −29 25 60 −30
7 −120 −30 26 70 −32
8 −110 −31 27 80 −32
9 −100 −32 28 90 −32
10 −90 −32 29 100 −32
11 −80 −32 30 110 −31
12 −70 −32 31 120 −30
13 −60 −30 32 130 −29
14 −50 −29 33 140 −28
15 −40 −28 34 150 −25
16 −30 −22 35 160 −22
17 −20 −20 36 170 −19
18 −10 −19	 37 180 −16
19 0 −16
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Figure 10: Non-uniform helical antenna radiation pattern 
Table 3: Measurements of non-uniform helical antenna 
implemented
Step no. Angle 
(Degree)
Power 
(dBm)
Step no. Angle 
(Degree)
Power 
(dBm)
1 −180 −22 20 10 −9
2 −170 −21 21 20 −10
3 −160	 −20 22 30 −12
4 −150 −19 23 40 −15
5 −140 −18 24 50 −17
6 −130 −15 25 60 −18
7 −120 −18 26 70 −19
8 −110 −20 27 80 −20
9 −100	 −22 28 90 −21
10 −90 −21 29 100 −22
11 −80 −20 30 110 −20
12 −70 −19 31 120 −18
13 −60 −18 32 130 −15
14 −50 −17 33 140 −18
15 −40 −15 34 150 −19
16 −30 −12 35 160 −20
17 −20 −10 36 170 −21
18 −10 −9 37 180 −22
19 0 −6
radiation pattern of non-uniform helical antenna under test, 
respectively, these results show the deferent received power 
about 10–12 dB more with non-uniform helical antenna gain.
The results of measurements applied in Matlab program 
to draw the pattern of the antenna; Figure 9 shows loop 
antenna radiation pattern and Figure 10 shows non-uniform 
helical antenna radiation pattern, respectively.
CONCLUSION
In this paper, designed and implemented a non-uniform helical 
antenna by using helical antenna calculator and equations then 
tested with frequency range 450 to 850 MHz for TV receiver 
and compare the gain measurements with commercial loop 
antenna in local market. The results of measurement show 
the deferent received power about 10–12 dB more with non-
uniform helical antenna gain but with circular polarization 
that meaning the antenna will lost 3 dB because the TV 
broadcasting transmitted linear polarization; still, the gain of 
antenna manufactured improved about 8 dB.
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loop antenna used in local market and implemented 
non-uniform helical antenna; Figure 8 shows implemented 
non-uniform helical antenna under test. Tables 2 and 3 show 
the radiation pattern of loop antenna and measurements of 
